Introduction
Orbiviruses are dsRNA viruses of 10 segments which belong to the family Reoviridae. Orbiviruses were divided into serogroups based on the reaction of their antigens in complement-fixation (CF) tests, immunodiffusion tests, and fluorescent antibody tests (Gorman et al., 1983) . At least 13 serogroups are recognized from the results of these serological tests (Knudson & Shope, 1985; Knudson & Monath, 1990 ). An ungrouped set of orbiviruses has also been recognized because viruses assigned to this category are not serologically related to those from the recognized serogroups (Gorman et al., 1983; Knudson & Monath, 1990) .
Orungo and Lebombo viruses were isolated in Africa, and are ungrouped orbiviruses with Orungo being the 0001-0015 © 1991 SGM best characterized in this category (Karabatsos, 1985; Knudson & Monath, 1990) . Orungo has been isolated froin Aedes, Anopheles and Culex mosquitoes and from humans, where it has been associated with febrile illness (Tomori & Fabiyi, 1977; Ezeifeka et al., 1984; Karabatsos, 1985) . Antibodies to Orungo virus have been detected in sera from camels, cattle, goats, humans, monkeys and sheep (Tomori & Fabiyi, 1976; Ezeifeka et at., 1984) . Lebombo virus has been isolated from Aedes and Mansonia mosquitoes, human plasma and rodents (Karabatsos, 1985) .
RNA-RNA blot hybridization and gene reassortment in vitro have been used to examine the inter-and intraserogroup relatedness of orbiviruses (Bodkin & Knudson, 1985b , 1986 Gonzalez & Knudson, 1987a , b, 1988 Brown et al., 1988a Brown et al., , b, 1989a . Blot hybridization examines the sequence relatedness of isolates, whereas gene reassortment assesses the functional relatedness of genes from different isolates. These approaches have helped to clarify taxonomic relationships and have identified new Orbivirus serogroups (Brown et al., 1988a (Brown et al., , b, 1989a .
In this study, the taxonomic relationship of Orungo and Lebombo isolates was examined by blot hybridization and gene reassortment. In addition, serological neutralization tests were used to identify serotypes among the Orungo virus isolates. Blot hybridization was also used to study the genetic relatedness of selected Orungo and Lebombo isolates to representatives of the different serogroups and to additional ungrouped isolates. The significance of these results to the taxonomy of orbiviruses is discussed.
Methods
Virus stocks and tissue culture. Orungo and Lebombo isolates used in this study are listed in Table 1 . Viruses were grown in BHK-21 cells (Gonzalez & Knudson, 1987a) .
Plaque reduction neutralization tests (PRNTs).
The 90 ~ PRNTs were done using methods described previously (Lindsey et al., 1976) Plaque assay and in vitro reassortment. The plaque assay procedure and reassortment in vitro have been described (Buckley, 1974; Gonzalez & Knudson, 1987 b) . Briefly, BHK-21 cells were infected with parental virus stocks at different m.o.i, ratios. Infected cells were harvested and frozen at -70 °C. Progeny from the experiments were plaque-purified and amplified. DsRNA extracted from infected cells was electrophoresed through a 10~ polyacrylamide gel. The dsRNA profiles were scored for the origin of the segments. Viral dsRNA of representative reassortants was end-labelled and electrophoresed in a polyacrylamide gel (Gonzalez & Knudson, 1987b) .
Gel electrophoresis. DsRNA purified from infected cells grown in 24-well cluster plates was 3' end-labelled with 5 ~Ci of [5'-32p]pCp and electrophoresed through a 1 ~ agarose gel (Travassos da Rosa et al., 1984; Gaillard & Joklik, 1982; Bodkin & Knudson, 1985b) . DsRNA was also electrophoresed in 10~ polyacrylamide gels for 20 h at 20 mA; labelled dsRNA of reassortants was electrophoresed in polyacrylamide gels for 20 h at 10 mA (Gonzalez & Knudson, 1987b) .
RNA probes and blot hybridization. DsRNA was purified from infected cells and 3' end-labelled with 40 iaCi of [5'-32p]pCp (DonisKeller, 1979; Knudson, 1981 ; Bodkin & Knudson, 1985b , 1986 Brown et al., 1988a ). An aliquot of the probe was examined to ensure even labelling. The probe was prepared for hybridization (Bodkin & Knudson, 1986) . Electrophoretic transfer of dsRNA and hybridization conditions at T,,RNA --36 have been described (Bodkin & Knudson, 1985a, b; Gonzalez & Knudson, 1987a) .
Results and Discussion

Electrophoretic gel profiles
Members of an Orbivirus serogroup exhibit essentially identical dsRNA agarose gel profiles, whereas their dsRNA PAGE profiles are often distinct (Bodkin & Knudson, 1985b; Gonzalez & Knudson, 1987a , 1988 Brown et al., 1988a, b; Knudson & Monath, 1990) . The electrophoretic mobilities of the dsRNA segments of the Orungo isolates were indistinguishable by agarose gel electrophoresis, yielding an estimate for the genome of 19-08 kbp (Fig. 1 ). The Lebombo isolates exhibited a common electrophoretic pattern, with minor variation seen in segments 7 and 8 resulting in a variable genomic size of 19.42 to 19-49 kbp (Fig. 1) . Although the Orungo dsRNA agarose profile was similar to the Lebombo profile with four segments exhibiting common mobilities, the two profiles were distinctive.
The Orungo isolates, ORU, ORU 22196 and ORU 60818, had identical dsRNA PAGE profiles (Fig. 2a) . The dsRNA PAGE profile of ORU 13019 differed from these three isolates in gene 6. ORU 142, ORU 2078 and ORU 11306 also exhibited distinct dsRNA PAGE profiles. The four Lebombo isolates exhibited distinct (Tomori & Fabiyi, 1977) , but the 1970 Annual Report of the University of Ibadan Arbovirus Research Project provides the year of isolation. § Isolates not examined by gel electrophoresis or hybridization. Estimates for the size of segments in kbp are indicated, and they were made using reovirus 3 Dearing strain as the standard using the local reciprocal method of Elder & Southern (1983 as implemented by Gilbert (1990) dsRNA PAGE profiles, with LEB 22853 and LEB 26808 being different in only genes 7 and 8 (Fig. 3a) .
Genetic relatedness of Orungo isolates by blot hybridization and reassortment in vitro
The Orungo isolates exhibited > 74~ sequence similarity in the majority of their genes because these isolates hybridized strongly to each other in the reciprocal R N A -RNA blot hybridizations (Fig. 2b , Table 2 , and data not shown). Isolates ORU, ORU 13019, ORU 22196 and ORU 60818 exhibited the most similar dsRNA profiles, and all 10 genes were highly conserved among these isolates. Gene 2 of the four Orungo probes, ORU, ORU 142, ORU 2078 and ORU 11306, did not cross-hybridize, suggesting the level of sequence similarity in this gene to be < 74~. The intensity of the hybridization signal for genes 5, 6 and 10 among the Orungo isolates depended on the probe used. Among the Orungo isolates examined, there were four unique types of gene 2, two variant types of genes 5 and 6, and four variant types of gene 10 (Table  2) . Although ORU and ORU 11306 were as distantly related as any pair of Orungo isolates, they reassorted their genes in vitro. Three reassortants were identified ( Table 3 ). The geographic distribution of the isolates did not correlate with the observed sequence relatedness. For example, ORU 22196 and ORU 13019 were isolated from Dakar and Nigeria, respectively, and these viruses were highly related in all genes. In contrast, ORU 11306 and ORU 13019 were isolated in Nigeria and yet these viruses were highly related in only six genes.
In the bluetongue serogroup viruses, significant sequence variability has been demonstrated in gene 2 which encodes the neutralization antigen (Brown et al., 1988a; Kahlon et al., 1983; Kowalik & Li, 1987; Roy, 1989) . These hybridization data would suggest that there are at least four distinct serotypes of Orungo. This proposition was examined in PRNTs of selected Orungo isolates (Table 4) . Four distinct serotypes, i.e. ORU, ORU 11306, ORU 30115 and ORU 52302, can be identified which do not share any apparent neutralization relationships. Two of the serotypes correlate with the hybridization types ORU and ORU 11306, and the remaining hybridization types were not examined by the PRNT. ORU 13019 is serologically related to ORU (Table 4) , and this finding is consistent with the hybridization data (Table 2) . Hence, there are at least four distinct Orungo serotypes, possibly with two additional serotypes. The existence of Orungo serotypes may implicate a vertebrate host(s) as a possible, important reservoir of Orungo in nature (Knudson & Monath, I990) .
Genetic relatedness of Lebombo isolates by blot hybridization and reassortment in vitro
The Lebombo isolates could be divided into two hybridization types based upon the intensity of hybridization signals in reciprocal R N A -R N A blot hybridizations. One type included LEB and LEB 3896 and the other type included LEB 26808 and LEB 22853 because LEB cross-hybridized strongly to the majority of the genes of LEB 3896 and cross-hybridized to a lesser extent to the majority of the genes of LEB 26808 and LEB 22853 * Unique genes which exhibit < 74% sequence similarity are indicated by uppercase and other variant genes (> 74 % sequence similarity) are indicated in lowercase using the name of probe as indicated. Note that genes 4 and 5 of ORU 142 and ORU 11306 are inverted in dsRNA PAGE profiles relative to ORU. ( Fig 3b, Table 2 , and data not shown). Although LEB hybridized weakly to genes 2, 5 and 10 of LEB 3896, LEB cross-hybridized strongly to genes 9 and 10 of LEB 26808 and LEB 22853. LEB 26808 and LEB 22853 were highly related in all 10 genes. Between the two types gene 9 was highly conserved among all the isolates, and gene 10 was highly conserved among three of them. Gene reassortment in vitro was demonstrated between the two hybridization types, LEB and LEB 26808 (Table 3) . There did not appear to be any restriction in the reassortment because multiple gene replacements were demonstrated in the reassortant progeny. In contrast with the Orungo isolates, division by hybridization type was correlated with the geographic distribution of the Lebombo isolates. One type was isolated in South Africa and the other type in Nigeria. Although Lebombo was isolated from human plasma, an association of Lebombo with human disease has not been established. Since Lebombo does not have any unique genes, the invertebrate host may be the primary reservoir for Lebombo in nature.
Genetic relatedness between Orungo and Lebombo isolates by blot hybrid&ation and reassortment in vitro
Orbiviruses which are sympatric in nature might have an opportunity to reassort their genes. Since the geographic distribution of Orungo and Lebombo may overlap in Africa, these viruses were examined to determine whether they were capable of exchanging
* Reflects the number of genes for which the parental origin (Pt, first parent; P2, second parent) could be determined in progeny viruses. This represents a minimum number because resolution was often improved using end-labelled dsRNA.
t The parental origin of each segment is indicated by a single-letter abbreviation, and segments of undetermined origin are indicated by the letter X. information via gene reassortment. Blot hybridization has become an excellent predictor for gene reassortment in vitro (Brown et al., 1988a (Brown et al., , b, 1989a Gonzalez & Knudson, 1987b) , such that viruses that exhibit > 74~ sequence similarity in the majority of their genes might be expected to reassort in vitro. ORU did not cross-hybridize with the Lebombo isolates and LEB 22853 did not cross-hybridize with the Orungo isolates (data not shown). Reassortment was not demonstrated in a cross between LEB and ORU 11306 (Table 3) . Since Orungo and Lebombo were not highly related in any genes and did not reassort genes in vitro, they represent two distinct Orbivirus gene pools.
Inter-serogroup genetic relatedness by blot hybrid&ation
Since other orbiviruses have been isolated in Africa, the relatedness of Orungo and Lebombo to representatives of other Orbivirus serogroups and the ungrouped orbiviruses was examined by blot hybridization. ORU and LEB 22853 did not cross-hybridize strongly to any genes of representatives of the following serogroups: bluetongue, epizootic haemorrhagic disease of deer (EHD), Eubenangee, Umatilla, Wallal, Warrego, Changuinola, Palyam, Corriparta, Kemerovo, Chenuda and Seletar (data not shown). ORU and LEB 22853 did not crosshybridize strongly to any genes of the following ungrouped orbiviruses : Ife (IbAn 57245 and Dak AN Y 177/9e), Chobar Gorge, Paroo River, Japanaut, Mitchell River, Pata and Eth Ar 3554 viruses (data not shown). Since Orungo and Lebombo did not cross-hybridize strongly with any of the viruses examined, Orungo and Lebombo would not be expected to exchange genetic information with these viruses. Therefore, the Orungc and Lebombo virus gene pools appear to be distinct fronthe known or recognized Orbivirus gene pools
The blot hybridization data correlate with serologica data as Orungo and Lebombo did not cross-react in Ct tests nor did they cross-hybridize with bluetongue, EHD, Eubenangee, Pata, Corriparta, Changuinola, Kemerovo, Chenuda, Seletar, Palyam, Warrego or Mitchell River viruses (Borden et al., 1971) . Also, Orungo and Lebombo did not cross-react in CF tests with Colorado tick fever, Mono Lake, Huacho or Tribec viruses.
The genetic relatedness of Orungo and Lebombo was not tested against two serogroups, African horsesickness (AHS) and Great Island viruses. Since AHS virus is vectored by Culicoides spp. and Great Island viruses are associated with ticks and sea bird colonies (Gorman et al., 1983) , their biology is very different from Orungo and Lebombo. Thus, it seems likely that the Orungo and Lebombo serogroups probably represent distinct gene pools.
Recently, an Orbivirus serogroup has been defined as a group of viruses which are highly cross-reactive in CF tests, are highly related in the majority of their genes, are capable of gene reassortment in vitro, and are similar biologically (Knudson & Monath, 1990) . Since Orungo and Lebombo were not highly cross-reactive in CF tests with members of recognized serogroups and were not highly related in the majority of their genes to members of the ungrouped orbiviruses by hybridization, these viruses represent two new Orbivirus serogroups.
